Background. Soil Transmitted Helminth (STH) infections are a major public health problem that affects more than two billion people around the world. These infections are the cause of children's under nutrition, especially among school-aged children. Objectives. To assess the correlation between the presence of STH infections and nutritional status among elementary school children in Medan, indonesia. Material and methods. We conducted an analytical cross-sectional study involving students from the public elementary school 060925 Medan in September 2015. The study participants were chosen by the total sampling technique and according to predetermined inclusion criteria (80 students from third and fourth grades). Univariate analysis was performed to determine STH infection prevalence, and bivariate analysis was used to find the correlation between STH infections and eosinophil levels through the chi-square (χ 2 ) test. Results. We found that the prevalence of STH among study subjects was 40%, and 26 students (32.5%) were underweight. The most common types of worm infections were Ascaris lumbricoides (25.0%), Trichuris trichiura (11.2%) and mixed infections (3.8%). A significant correlation was found between the presence of STH infection and underweight nutritional status (C = 0.24; χ 2 = 5.02; p = 0.025) and the risk of STH infection and nutritional status in children with a prevalence ratio (PR) of 2.05 (CI 95%: 1.08-3.87). Conclusions. The presence of STH infection in children is strongly influenced by their hygiene practices. Small clinics and student healthcare units should play an active role in conducting periodic assessment of children's nutritional status and in providing them with information on STH symptoms and prevention.
Background
STH infections remain a serious public health problem in Indonesia. However, as they belong to the group of neglected diseases, they receive little attention and are rarely monitored by health workers [1] . Although major outbreaks of parasitic diseases are rarely reported, and STH infections cause few casualties, they have a very detrimental effect on human health and can cause permanent disability, decrease children's intelligence and ultimately lead to death [2] .
According to WHO, over 1.5 billion people, or 24% of the world's population, are infected by STH [1] . The infections are especially spread in the tropics and subtropics, with the highest incidence being reported in Asia, Sub-Saharan Africa and Latin America [3] .
in indonesia, according to the survey results of the Ministry of Health (MOH) in 2002 and 2003, 40 elementary schools in 10 provinces showed a prevalence of worm infections ranging from 2.2-90.3% [4] . The North Sumatra province itself is an area that has a high worm infection rate and is ranked third (60.4%) in Indonesia [5] . A survey of sixth grade elementary school students attending elementary school SDN 034807 and 030375 Teguh Juma Subdistrict, Dairi Siempat Nempu, carried out by the Center for Environmental Health Engineering Medan in 2007, found that of 128 feces samples examined, 55 were positive for intestinal worms [6] .
Intestinal helminth infections that are transmitted through the soil occur mostly in students of elementary school age, because they often have the most frequent contact with dirt (playing in playgrounds, rare use of shoes) [5, 7] . Some species of STHs that commonly infect humans are roundworm (Ascaris lumbricoides), whipworm (Trichuris trichiura) and hookworm (Ancylostoma duodenale and Necator americanus) [8] . The harm caused by intestinal worms is huge, especially in the physical development, intelligence and productivity of children. Helminths can cause malnutrition, anemia and impaired growth, which in turn will have an influence on a child's level of intelligence [9] .
Nutritional status is generated by a healthy balance between nutrient demand and nutrient input. Nutritional status is an important determinant of a person's health and their recovery processes [10] . In Indonesia, 30.7% of children aged 5-12 were classified as short during clinical assessment, of whom 12.3% were considered very short and 18.4% short. In addition, the national prevalence of underweight among children aged 5-12 was estimated at 11.2%. When Body Mass Index (BMI) was used to evaluate weight status, 4% of children were classified as very thin and 7.2% as underweight [11] .
In a developing country such as Indonesia, there are a number of factors that can affect the nutritional status of children. They include inadequate food consumption and concomitant infectious diseases [12] . Several studies have found a correlation between nutritional status and the presence of STH infections [12] [13] [14] .
Therefore, the authors of the present study want to continue research to see if there is a correlation between STH infections and the nutritional status of children at the elementary school in Medan, indonesia.
Objectives
The aim of this study was to assess the correlation between the presence of STH infections and nutritional status among elementary school children in Medan, indonesia.
Material and methods
This research was an observational study with a cross-sectional design. The research study was conducted at the elementary school SDN 060925, Harjosari I, Medan-Amplas. The reason for selecting this particular school was that it is a rural area with poor environmental sanitation. Furthermore, the terrain around the school is moist and has fertile soil where STH worms thrive. The study was conducted from March to July 2015, and the subjects were students aged 7-10 years old.
The number of students with single collected samples was 80. The gender distribution of the students showed that there were more boys than girls: 45 (56.25%) vs. 35 (43.75%). The age of the participants was between 7 and 10 years; the average age being 8.56. 4 students were seven years old (5%), 38 -eight years old (47.5%), 27 -nine years old (33.75%), and 11 -ten years old (13.75%). The majority of study subjects were 8 years old.
The sample consisted of the entire population that was defined and met the inclusion and exclusion criteria established by the researcher. The inclusion criteria were the students of SDN 060925 from grades III to IV aged 7-10 years, whose parents gave their consent to have stool specimens taken, had not undertaken anthelmintic treatment in the previous two months and had no history of allergy, asthma, atopic dermatitis, rheumatic diseases, immunodeficiency, malignancies, infectious diseases caused by other parasites or a history of hemophilia. The exclusion criteria were that the stool specimens were damaged or missing.
The primary data was the results obtained from stool examination and the information gathered during the assessment of the nutritional status of the children. Stool examination was conducted to determine the presence of worm infections in the children. This was done at the Laboratory of Parasitology, Faculty of Medicine, University of sumatera Utara, Medan, using the Kato--Katz method. Nutritional status examination was conducted by measuring each child's weight and height, as well as noting the child's age. Afterwards, the children's BMI was calculated and plotted on a table to determine their nutritional status.
the data is presented as means, medians, percentages, standard deviations and minimum-maximum. We tested the distribution variables with the Kolmogorov-Smirnov test. Data with normal distribution defined mean and SD. If the distribution was not normal, it defined median and minimum-maximum. The statistical analysis was performed using the chi-square (χ 2 ) test. The study protocol was approved and granted by the Ethics Committee of the Faculty of Medicine at the University of Sumatera Utara. Informed consent was requested before enrolling the children into the study. The procedure was fully explained to the parents and consent was received before the procedures were carried out. Permission was also granted by the authorities of the elementary school.
Results
The research demonstrated that there were more uninfected than infected students (60% vs. 40%). 32.5% of the children were classified as underweight ( Table 1) . Table 2 presents the height, weight, BMI, STH infections and nutritional status by age and gender. The height of the study subjects followed normal distribution. We have calculated the mean and standard deviation of the result. The mean height by age and gender was identified at 125.57 ± 5.39 and 125.05 ± 5.95, respectively. Significant height differences by age group were identified (t = -2941; p = 0.004), while, based on gender, no significant difference was observed (t = -0622; p = 0.54). The same was found as regards weight by the age and gender of participants, as there was also no significant difference (t = -1603; p = 0.113 and t = 0.27; p = 0.788). research conducted on elementary school children in Uganda showed that 19.1% of STH-infected children experienced moderate malnutrition [17] . An associated study in Brazil also demonstrated a correlation between STH infection and nutritional status, where STH-infected children were 4.63 cm shorter at the age of 9 than uninfected ones [18] . STH infection is also associated with a reduction in food consumption, because of the presence of proinflammatory cytokines, impaired digestion and poor absorption of nutrients, which can reduce appetite [19] .
the present research study demonstrated that the percentage of STH-infected children was 40%. This correlated with the results of a survey conducted by the Indonesian Health Department, which stated that the prevalence of worm infection in Indonesia ranges from 2.2% to 90.3% [4] . A research study conducted by Stephenson et al. also showed a similar result, and the STH infection rate among school children was estimated at 40.7% [20] . The prevalence of infections with intestinal parasites is associated with poverty, poor personal hygiene, a deprived environment, lack of health care, sanitation or latrine facilities, as well as inadequate sources of clean water [21] .
STH infection is more commonly found in elementary school boys (65.6%) and students who are 9 years old (43.75%) [22] . Hairani et al. reported that STH infection was more often found in males (6.16%) compared to females (3.97%), mainly in the age group of 6-10 years (6.45%) [23] . This result is in line with the research conducted at SDN 102052 Bagan Kuala, Serdang Bedagai. More males were infected by STHs (56%) than females (44%) [9] . In addition, Torres et al. identified that the prevalence of ascariasis, trichuriasis and other STH infections was 1.23 times higher in males than in females [24] . However, another research study conducted by Tekeste et al. found that more females were infected by STH than males. The prevalence of worm infection in females was found to be 25.64%, while in males it was 21.18% [25] .
The prevalence of STH infection is usually the same in males and females. In endemic areas, children are exposed to the same risk factors; thus, the correlation between gender and STH infection is irrelevant. Instead, gender is not a risk factor of STH infection, because the characteristic variations as regards the prevalence of STH infections can be attributed to the composition or size of the sample. The rate of prevalence of STH infections is usually higher in children than in adults [25] . STH infections occur most commonly in elementary school students, because at this age, they frequently have contact with dirt (playing in a playground, rare use of shoes) [5, 7] .
Of all the STH-infected students, the infection was mostly caused by A. lumbricoides (62.5%). The prevalence of infections caused by T. trichiura was found to be 21.9%, while the prevalence of mixed infections was found to be 6.25% [26] . Research studies carried out at several elementary schools in indonesia showed that the most prevalent worms are A. lumbricoides (74.7-80.0%) and T. trichiura (25.3-68.4%) [27] . Based on research conducted by Winita et al., it can be concluded that a single infection (9.8%) occurs more frequently than a mixed infecWhen the distribution data of age, weight and BMI were not normally distributed, we calculated the median and min-max for the data. The median age was 8 (7-10), while the median weight by age and gender was 22.81 (18.9-34.7) and 22.8 (26.0--39.1), respectively. The median BMI by age and gender was 14.66 (12.51-21.13) and 14.77 (11.74-23.10). A non-significant difference in BMI by age and gender was also obtained (t = -0433; p = 0.67 and t = 0.78; p = 0.44). The prevalence of STH infections was 40%, and a significant correlation between STH infection and age or gender was not found (F = 3:07; p = 0.40 and χ 2 = 1.91; p = 0.17). The study found that 32.5% of the children were underweight. There was no significant correlation between underweight and age or gender (F = 0.80; p = 0.90 and χ 2 = 0.09; p = 0.81). The correlation between nutritional status based and age, gender and STH infections is shown in Table 3 . The prevalence of underweight nutritional status was more common in students in the age group above 8 years (36.8% vs. 28.6%). Children over 8 years old run a 0.91-fold higher risk of being underweight than children whose age was ≤ 8 years with negligible correlation (p = 0.48; r = 0.09). Based on gender, a similar correlation was found. A significant relationship was not found, with a negligible correlation between nutritional status and gender (p = 0.81; r = 0.03). During this research, a significant correlation between STH infection and being classified as underweight with a low correlation (p = 0.03; r = 0.24) was obtained. STH-infected students were 2.05 more times at risk of being underweight than uninfected school children (PR = 2.05, 95% CI: 1.08-3.87).
Discussion
STH infection generally disturbs the absorption of food and causes lack of appetite, a reduction in micronutrients and anemia [15] . Ascariasis causes carbohydrate loss of 0.8 grams and protein loss of 0.035 grams per day. Hookworm infection causes blood loss of 0.2 cc, while Trichuris trichiura infection causes 0.005 cc of blood loss per day [4] .
Research shows that 59 million of the 1.2 billion people who are infected with intestinal parasites (51 million being children who are less than 15 years of age) are at a very high risk of suffering growth problems due to malnutrition and reduced physical activity [16] . Ascariasis infection causes malabsorption of nutrients, because the worm blocks the area of absorption in the intestinal lumen. If this condition takes on a chronic form, it causes inadequate intake of nutrients and leads to malnutrition, a condition characterized by an underweight status [15] .
Loss of blood due to T. trichiura infection can cause chronic dysentery, iron deficiency, iron deficiency anemia and growth disorders. Hookworm infection can cause mechanical laceration and enzymatic damage to the small intestine mucosa by causing bleeding of about 0.05 ml/day by adult Necator americanus and 0.25 ml/day by Ancylostoma duodenale. this causes chronic growth disorders [15] . (22.9) fection is, the lower a child's nutritional status will be (p-value = 0.0001) [35] . In the study conducted by Ahmed et al., significant evidence was found that STH infections cause stunted growth, and this was observed in as much as 31.3% of the study participants (p-value = 0.006). However, the presence of STH infections does not correlate with the incidence of underweight (p-value = 0.901). This is due to the high number of children classified as underweight, with and without STH infections [36] . A research study conducted among elementary school students in Uganda showed that 19.1% were infected with STH and were moderately malnourished [17] . An associated study in Brazil also showed results that support a correlation between STH infections and nutritional status, whereby children diagnosed with STH infections, 9 years later, were found to be 4.63 cm shorter than those uninfected [18] .
STH infection is often associated with reduced appetite and food consumption, which leads to a decrease in a child's rate of growth, health, level of activity and cognitive function. The loss of micronutrients and the malabsorption of nutrients due to ascariasis and blood loss due to trichuriasis can cause iron deficiency anemia and a low nutritional status [19] .
According to a study by Suchdev et al. performed in Kenya in 2012, there was no correlation between STH infections and the incidence of stunted growth (p-value = 0.46). According to the research results, 27 people who were infected with STH experienced stunted growth; however, another 32 people who were not infected with STH also experienced this condition [14] . This could be due to the fact that the children's nutritional status is affected by a variety of factors, not only the presence of STH infection. Studies conducted by Kung'u et al. also showed similar results [37] .
Limitations of the study
First, this study was a cross-sectional study, and thus, causality cannot be determined. Second, the study was conducted at only one school in Medan; therefore, the findings may not be representative of the remaining schools in Medan. Third, there was a lack of ability to determine the intensity of STH infections in the study population.
Conclusion and recommendations
The presence of STH infections in children is strongly influenced by their hygiene practices. Therefore, children's parents, guardians and teachers need to play a role in providing good education and raising the awareness of how to prevent STH infection. Small clinics and student healthcare units should play an active role in conducting periodic assessment of children's nutritional status and in providing them with information on STH symptoms and prevention. The local community also has a crucial role to play in promoting a healthy lifestyle, both at home and in the neighborhood. This research should be continued, and it is recommended that further studies be carried out with a larger number of samples and different variables. of SDN 060925, Harjo Sari Medan for their enthusiastic participation in this study. The support provided by the principals, teachers and parents of these children was also invaluable. tion (1.8%) [28] . The 2003 and 2006 reports from the Ministry of Health also showed that the prevalence of A. lumbricoides, T. trichiura and hookworm is 39%, 24% and 5%, respectively. The results obtained by the present authors are consistent with the above-mentioned research reports, i.e. the most common cause of STH infection is A. lumbricoides, followed by T. trichiura [27] .
Differences in worm incidence or contamination by worm eggs in some regions are likely to be due to differences in the risk factors at the study site, particularly in relation to environmental sanitation, student hygiene and natural conditions or geography [28] .
In determining the nutritional status of the children, BMI--for-age was calculated. This is recommended by WHO as the best indicator of the nutritional status of children and adolescents. BMI based on age has been validated as an indicator of total body fat in the upper percentile and has continuity with the indicators of the recommended nutritional status of adults [30] . In this study, fewer elementary school students were classified as underweight (32.5%) compared to those not underweight (67.5%). This was not much different from the research conducted by Suharyanto, with results showing 38.6% of children suffering from malnutrition [31] . The high prevalence of underweight among the children studied can be associated with chronic undernutrition caused by STH infections [26] . However, it is important to remember that malnutrition can be caused by a variety of factors, not only STHs, including food consumption patterns, income level, social and cultural factors, nutritional knowledge and infectious diseases [32] .
among the elementary school students involved in the present study, more boys (53.8%) than girls (46.2%) were classified as underweight. This is in line with the research conducted by Romario et al., showing the prevalence of underweight in children is higher in males (13.2%) than in females (11.2%) [12] . However, there are reports suggesting that the prevalence of underweight among children aged 5 to 13 is higher in girls than in boys (32.5% vs. 26.8%). This reflects the cultural and social patterns that prioritize males over females, because the study was conducted by Patel et al. in India, a developing country strongly affected by cultural issues [33] .
the results of the present study demonstrate that the prevalence of underweight is higher among STH-infected children (57.7%) than among children without STH infections (42.3%). The results are consistent with the research conducted by Liu et al., which found that the incidence of underweight in children with an STH infection was 46%, while among non-infected children, it was 42%. These results demonstrate that children classified as underweight are more often found to be infected with STH (57.7%), while children who are not underweight are less frequently infected with STH (68.5%) [34] .
According to the results of the chi-square test, the p-value was 0.03, which means there is a correlation between the presence of STH infection and the nutritional status of elementary school students. A prevalence ratio of 2.05 indicates that infected children at risk of STH are 2.05 times more likely to be classified as underweight than children who are not infected by STH. The results are consistent with the research study performed by Simarmata et al. in the Karo Regency on 281 children. The results obtained showed that 98 children infected with STH were experiencing mild to moderate malnutrition, and 111 children who were not infected with STH had a normal nutritional status. The conclusion of this study being: the more severe the STH in-
